The communication technology evolution led to an increase of the carried out services' and tasks' number. The aim of actual research in the cooperation and particularly the negotiation between agents is to reach a coherent global state of the multiagent system by favoring agents' synergy. In this paper, we propose a coalition formation-based negotiation model for the task allocation in the cooperative information agent-based systems. In this model, the agent that activates a negotiation seeks partners for achieving a complex task. The way that the partners take part in a coalition is done one by one according to the choice of all the coalition members. This choice is based on a multicriterion analysis. Some obtained experimental results show the suggested model performances.
Related work
According to the literature, we consider two approaches for studying the coalition formation process, the macroscopic approach and the microscopic one. The macroscopic approach, which is based on the game theory, considers the coalition as the basic unit [9] . The microscopic approach considers agents as the basic unit where several models were proposed and applied in many fields, especially the e-business [10] and the task allocation [7] [8] [3] .
We focuss our discussion on the models based on the second approach which deal with the task allocation problem. In [7] , the authors proposed a model where agents exchange their preferences w.r.t. the possible solutions. Although, forcing agents to form alliances ensures the termination of the negotiation process, but the model does not respect agents' freedom since it imposes a solution which may not satisfy all agents.
In [8] , the authors propose a model where the agent that activates the negotiation process first filters agents of its environment. It uses a multicriterion analysis to find agents that best satisfy its requirements. Then, it starts an argumentative negotiation with the candidates, which are classified according to its preferences. This approach does not ensure the reach of a consensus but limiting the negotiation time seems to be a reasonable strategy.
Two models are proposed in [3] . The first one is dedicated to the competitive agents. The agent selection is based on a preference model, which is built using several criteria. The major inconvenient of this model is that the representing agent of the coalition has a kind of authority on the coalition members. In the second model, agents cooperate in an altruistic way. The model ensures the reach of a consensus and has some advantages like the integration of the new partners one by one in the coalition. However, the altruistic strategy of agents does not require the gradual integration of agents in the coalition. This approach seems to be interesting in the case of egoistic agents. In [10] , the authors proposed a formalization of the trust criteria which an agent grants to the other ones of the environment. This trust modeling ensures the stability in the coalition formation due to its reliability. However, the authors do not specify how to find the value of the current evaluation of trust. In order to response at this question in our proposal, we will deduce the trust from some criteria.
CFoTACIS: A coalition formation-based negotiation model in CISs
Before describing the suggested model, let us admit the following assumption: an agent which wants to integrate the CIS must update the portal of this CIS [4] . It must specify its localization, its know-how, the information about its branch of industry, its competencies, its capital, etc.
CFoTACIS is recursive and includes four phases, the initialization, the negotiation, the evaluation, and the finalization. In the beginning of the negotiation process, the manager which is the first coalition member, follows only the model phases. After that, when new partners join the coalition and become members, all the members try to find the next partner. The negotiation process iters until the coalition size will be reached. Let us give the essential description of the different phases
The initialization phase
The manager consults the portal of the CIS (first assumption) to obtain useful informations on agents. Then, it decomposes the global task into subtasks w.r.t. the agents' industry branches. For each subtask, the manager makes a set of the candidates among agents of the environment.
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The negotiation phase
The manager simultaneously sends the proposals to agents of the same set. The message which the manager sends to the candidates must contain all information about the cooperation project, as well as the waiting period that accords to them. Then, the manager receives the responses from the candidates. Figure 1 represents the state transitions for a negotiation between a manager (m) and a candidate (c). After receiving a proposal from a manager for cooperation, a candidate can:
• refuse to cooperate (refuse(c, m));
• accept to achieve the subtask (accept(c, m));
• accept to achieve the subtask and also propose to achieve another subtask(s) (ok(c, m));
• refuse to achieve the subtask but propose to achieve another subtask(s) (no(c, m));
• not answer. In this case, after the expiry of a waiting period, the manager considers the not reply as a rejection (refuse(c, m)).
If the candidate agrees to cooperate, it must send to the manager a message that contains its consideration of the cost and the time for achieving the subtask, as well as the maximum reply time that it grants to the manager to evaluate the proposal. 
The evaluation phase
After receiving the candidates' responses, the manager evaluates and classifies them according to their importances. The evaluation is made using a multicriterion analysis. This phase includes two stages. The first one deals with the evaluation of the criteria and the second one with the aggregation of the evaluations.
Criterion evaluation
In this stage, the manager evaluates agents which sent their proposals according to various criteria. In [11] , the author defines a whole of interesting criteria for the selection of the most adequate partner. We select those which seem most significant to our context. We have classified the criteria into three categories:
(a) Criteria related to the partner -the cooperation degree of the candidate agent with the manager (D1) Nacer eddine Zarour, Sabrina Bouzidi -the cooperation degree of the manager with the candidate agent (D2) -the quality of the relation (D3) deduced from three others subcriteria: (i) respect of the allowed time for achieving the subtask (S1) (ii) the quality of achieving the subtask (S2).
(iii) Honesty with regard to the profit distribution after the last experiment (S3) -the experiment in the cooperation:
(i) the cooperation number carried out by the partner (A1) (ii) the cooperation number carried out by the partner without interruption (A2). (b) Criteria related to the cooperation -the capital (C1).
-the technical capacity (C2).
-the technological competencies (C3) -the existence of a single capability (C4). (c) Criteria related to the candidate agent proposal The candidate must specify in its acceptance message the time T and the cost C for achieving the subtask.
The aggregation stage
After the evaluation of the different criteria, the manager incorporates the evaluations associated with all the criteria in order to have an overall estimate of each agent. In CFoTACIS, the aggregation of the criteria is used in two cases:
(i) For the trust quantification: The trust e, which results from the current relation with the agent partner, is carried out using the equation
Where p 1 , p 2 , and p 3 are the weights that the agent must specify and p 1 +p 2 +p 3 =1.
(ii) For the evaluation of each candidate: the aggregation operator is defined using a deviation at an aspiration point which gathers the preferred values of the criteria [12] . The evaluations are represented using a vector named b. The deviation b to the aspiration point a is defined by the relation.
deviation(a,b) = Max j=1..p (λ j (a j -b j ))
With λ j =1/( Ideal j -AntiIdeal j ) and p is the number of criteria. Ideal is a vector which gathers the maximal criteria values of the evaluation vector and AntiIdeal is a vector which gathers the minimal criteria values of the evaluation vector.
The best evaluation d* is that which minimizes the deviation to the aspiration point:
d*=min{ deviation(a,b)}
For well explaining the evaluation mechanism, let us consider the following example. Agents Ag1, Ag2, and Ag3 are evaluated according only to the criteria criterion1, criterion2, and criterion3 in the vectors eval1, eval2, and eval3 ( 
The finalization phase
After evaluating agents' proposals, the manager classes agents in a list according to their deviations. The manager sends the agent which is at the head of the list a message for inviting it to join the coalition; else it contacts the next agent in the list, and so on.
The coalition members merge their deviation vectors to have a unified view of the candidates. This merger allows the coalition members to have supplemented information since agents have only a partial vision of their environment. The merger is carried out by the minimum operator. Let us consider an example showing how to make the unified evaluation vector. Agent Ag3 is evaluated by the members Ag1 (eval1) and Ag2 (eval2) w.r.t. to the eleven (11) Thus, for each subtask, the coalition members together try to choose the adequate partner. The negotiation process will be finished when the coalition size is reached, and therefore, the coalition members start the execution of the tasks. Hence, with CFoTACIS, the decision of the coalition structure is collective.
The CFoTACIS Properties
The proposed model presents several advantages. The choice of the partners is carried out by the coalition members thanks to the unification process of agents' estimates carried out by each member. The adopted aggregation operator does not authorize the compensation, which permits to choose a partner which has acceptable values for all the criteria. CFoTACIS ensures the equity property because it offers the same chances to the candidates by limiting the time of the binary negotiations. When the candidate specifies its waiting time, this avoid the coalition members to send message to an agent that is no more waiting. Consequently, a considerable profit of time will be obtained. When a partner disengages, it is obvious that it will be sanctioned. This sanction is expressed by the A2 parameter (see section 3.3.1.a). In this case, the coalition members have two alternatives for replacing the disengaged agent. They propose the subtask to the coalition members to cheek whether it exists a partner which is interested to achieve it. Therefore, a new negotiation process is avoided. The second alternative is applied when there are not members which are interested. The coalition is obliged to start a new negotiation process to find another partner. Finally, if the manager could not find partners or the required size of the coalition is not reached; the negotiation process will be remade.
Experimental results
We have implemented CFoTACIS using JADE 3.0 (Java Agent DEvelopment). We have compared its performances with those of a similar model [3] . We remind that in [3] , the author proposed two negotiation models. We are interesting to the one dedicated to egoistic agents considering the rationality of our agents.
We have made several series of experiments. In this paper, we show the effect of varying the agents' and subtasks' number on the global time of the negotiation process (figures 2 and 3). In each negotiation process, we fixe the subtasks' number and we increase the agents' number to finally deduce the consumed time. The graphs presented in this section are drowning using the Origin 6.0 software.
On the graph of figure 2 (CFoTACIS), we observe that we could vary agents' number from 2 to 100 and subtasks' number from 2 to 10. Whereas, on the figure 4 (the comparative model), we could vary agents' number only from 2 to 8 and subtasks' number only from 2 to 7. Therefore, we deduce that the CFoTACIS' scalability is stronger than the one of the comparative model. One reason of this result is that in the comparative model, all agents are in competition for the coalition formation. So, if we have "n" agents in the system, we have also "n" parallel negotiations which cause a scheduling problem in the system. On the other hand, we observe that the negotiation time in CFoTACIS increases as agents' and subtasks' number increase. But this increase stills reasonable and very small in comparing it with the one of the comparative model. This is due to the weak scalability of the last one. Also, in the comparative model, there is no limitation of the negotiation time between agents
Summary and Conclusions
In this paper, we have proposed a coalition formation-based negotiation model for the cooperative information agent-based systems, named CFoTACIS. The proposed model is inspired from the reality of the cooperation between enterprises. It includes four phases, the initialization, the negotiation, the evaluation, and the finalization. The essential properties of CFoTACIS are its consideration of the preferences of the coalition members for choosing the future partners. It does not apply any authority on agents and ensures the equity by limiting the time of the binary negotiations due to the absence of the cycles in the proposed negotiation protocol. However, it does not ensure the reach of a consensus but tries to encourage agents to cooperate. The simulation results show that in CFoTACIS the spent time for the negotiation is reasonable and the messages' number is deterministic. These results have been confirmed by comparing the CFoTACIS' performances with those of the negotiation model proposed in [3] .
In the future work, we will improve CFoTACIS so that it will ensure the reach of a consensus. Also, we will adopt it in other application fields like e-commerce.
